INTRODUCTION
can be further divided into deposits within the Middle Prichard Formation, within the PrichardBurke Formations transition zone, and within the Revett-St. Regis Formations transition zone, which differ markedly in terms of tonnage and grade.
Statistically, each of these subtypes form a homogenous subpopulation whose characteristics and differences have been investigated in detail using some statistical methods not previously applied to grade-tonnage modeling. Tonnage and grade data for each deposit in each subtype are listed in Appendix II. Summary statistics for each subtype are shown in Table 1 .
From Table 1 a number of important differences among the various subtypes are readily apparent. All four subtypes show striking differences in mean and variance of tonnage and silver grades. Middle Prichard galena-sphalerite veins are substantially smaller, lower in silver and lead, and higher in zinc grade than Prichard-Burke and Revett-St. Regis galena-sphalerite veins. Mean lead and zinc grades for Prichard-Burke and Revett-St. Regis galena-sphalerite veins are similar but Prichard-Burke veins have a larger variance for lead and zinc grades, lower silver grades, and smaller tonnages. The statistical significance of these differences was evaluated using the Tukey-Kramer Honestly Significant Difference (HSD) test (Kramer, 1956) for the means and a one-way Analysis of Variance (ANOVA) for means and variances. Figures 1 to 4 provide a visual comparison of the natural logarithm of mean tonnage, silver grade, lead grade, and zinc grade among the three types of galena-sphalerite veins. Tukey-Kramer HSD test statistics at the 95 percent level for the means are presented in Table 2 . Test statistics from the one-way ANOVA among all three subtypes are given in Table 3 .
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Pridiard-Burke Revett-St. Regis Formation Figure 1 . Comparison of the natural logarithm of mean tonnage among the three sub-types of galena-sphalerite vein. The line across each diamond is the group mean, the vertical span of each diamond is the 95 percent confidence interval, and the width of each diamond is proportional to sample size. 
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Prichard-Burke Revett-St. Regis Figure 2 . Comparison of the natural logarithm of mean silver grade between the three sub-types of galena-sphalerite vein. The line across each diamond is the group mean, the vertical span of each diamond is the 95 percent confidence interval, and the width of each diamond is proportional to sample size. No statistical significance can be attributed to observed differences in variances among the three subtypes for tonnage or any of silver, lead, and zinc grades. Significant differences in mean silver grades between each of the subtypes argue strongly for modeling each subtype separately.
Were it not for a significant difference in mean silver grades between the Prichard-Burke and Revett-St. Regis deposits, however, these two subtypes could be considered statistically homogenous. Prichard veins have significantly different means for all variables except for tonnage with respect to Prichard-Burke veins.
An important consequence of modeling each subtype separately is the small sample size for each subtype (Table 1) . Serious questions should be raised about the robustness of resource estimates based on models with as few as seven deposits (tetrahedrite veins). Unfortunately, no additional deposit data will be available until further discoveries are made.
STATISTICAL ANALYSIS BY SUBTYPES
The grade-tonnage models which follow characterize the distribution of these vein deposits by tonnage and grade. To use these models in a standard three-part quantitative mineral resource assessment (Singer, 1993a) any correlation between tonnage and grade and between grades must be identified and the lognormality of the observed grade and tonnage distributions tested. 
Correlation Between Tonnage and Grades
Correlation Between Grades
For galena-sphalerite veins, Table 5 shows no significant correlation between silver, lead, and zinc grades. Table 6 shows that no significant correlation between silver, copper, and lead grades of tetrahedrite veins. Table 5 . Correlation between silver, lead, and zinc grades for the three subtypes of galena-sphalerite veins. Corr is the Pearson correlation coefficient and Prob the probability of obtaining, by chance, a larger correlation if no linear relationship exists between tonnage and grade. Analysis performed on log-transformed variables. Table 6 . Correlation between silver, copper, and lead grades for tetrahedrite veins. Corr is the Pearson correlation coefficient and Prob the probability of obtaining, by chance, a larger correlation if no linear relationship exists between tonnage and grade. Analysis performed on log-transformed variables.
VEIN TYPE
Lognormality of Tonnage and Grades
Lognormality of the tonnage and grade distributions for each vein type was evaluated by applying the Shapiro-Wilk test of normality to log transformed data ( Table 7 ). The distribution of zinc grade of Prichard veins deviates significantly from lognormality due to the inclusion of five deposits which had lost most of their zinc content by oxidation of galena-sphalerite to lead carbonates. Removal of these five deposits results in a lognormal distribution of zinc grades. The hypothesis of lognormality was accepted for all other tonnage and grade distributions. 
GRADE-TONNAGE MODELS
Tonnage and grade distributions have traditionally been modeled as lognormal survival distributions (Cox and Singer, 1986) . The cumulative proportion of deposits (survival function S(x) = 1 -F(x) where F(x) is the empirical cumulative distribution function) is plotted using a logarithmic scale for tonnage or grade and fitted with a curve representing a lognormal distribution with the same parameters (mean and variance) as the empirical distribution.
Quantiles from these fitted lognormal distributions are used for quantitative mineral resource assessments.
These traditional models, unfortunately, are impossible to plot with currently available software.
As an alternative, standard normal quantile plots of log-transformed tonnage and grade data are presented here. These plots have the advantage of presenting the data as a linear model, allowing visual inspection of the correspondence of the fitted lognormal distribution to the empirical data. Table 8 lists estimated parameters (m, s) of the fitted lognormal distributions. Table 9 lists the mean and most commonly used inverse quantiles (1-F(x)) calculated from the parameters of the fitted lognormal distribution from 
Reserve Growth
The physical extent, tonnage, and grades of Coeur d'Alene polymetallic veins are not fully delineated by exploration and development until a mined deposit nears exhaustion. The costs of adequately exploring these deep vein deposits is sufficiently high that most operating mines maintain at most ten to twelve years of reserves ahead of current production. Singer, 1993b , has noted the dangers of using deposits that have not been fully explored in traditional grade-tonnage models. Of main concern are the use of tonnage data for deposits which one can reasonably expect to have significant future additions of new reserves. A lognormal distribution fitted to such data will underestimate the true parameters of the population modeled.
Of the four types of Coeur d'Alene-type polymetallic veins modeled, two (Prichard and PrichardBurke galena-sphalerite veins) use data that consists entirely of deposits that were mined to the economic limits of their known orebodies. The Revett-St. Regis galena-sphalerite vein and tetrahedrite vein models include several deposits that are actively mined with significant recent additions to reserves. To account for potential reserve growth in these deposits, a survivalanalysis method of fitting a lognormal distribution to the data was attempted according to the following rationale.
Deposits initially, when discovered, have no delineated reserves. Each successive exploration campaign adds reserves until exploration efforts cease to find new ore. Ignoring depletion of reserves during production, reserves can be thought of as growing from an initial value of zero to the true size of the economic portion of the deposit. At any given time, we observe current reserves of all deposits, and add those reserves to past production to obtain the data on tonnage and grade used for constructing grade-tonnage models. Any deposits whose reserves have not been fully delineated at that time have been r/grftf-censored. The situation just described is a classic survival or failure-analysis type problem for which a broad range of statistical estimators are available.
The survival-analysis approach is directly applicable to tonnage models, as the tonnage of a deposit will grow over time as new reserves are added. The behavior of grade as reserves are added, however, is not predictable. Grade will vary naturally within a deposit such that as different parts of a deposit are delineated overall known deposit grade may rise or fall. As development proceeds to greater depth cut-off grades may increase, causing overall grade to increase if all other factors that influence deposit grade are unchanged. It may be safe to assume that these effects are random overall and that standard grade models can be used even when tonnages are right-censored.
Lognormal distributions were fitted to tonnage data for Revett-St. Reg is galena sphalerite and tetrahedrite veins using the Kaplan-Meier product-limit method (Le, 1997) assuming that the survival function is lognormal. Estimated parameters and computed mean and inverse quantiles for the fitted lognormal distributions are shown in Table 10 . Note that the estimated parameters of these fitted lognormal distributions are considerably larger than those for the fitted distributions ignoring right-censorship presented in (Table 8 ).
Lillifor's confidence bounds for normality are also shown. (Table 8 ).
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